Abstract It was the aim of this work to assess and track the workload, working conditions and professional recognition of radiation oncology medical physicists (ROMPs) in the Asia Pacific region over time. In this third survey since 2008, a structured questionnaire was mailed in 2014 to 22 senior medical physicists representing 23 countries. As in previous surveys the questionnaire covered seven themes: 1 education, training and professional certification, 2 staffing, 3 typical tasks, 4 professional organisations, 5 resources, 6 research and teaching, and 7 job satisfaction. The response rate of 100 % is a result of performing a survey through a network, which allows easy follow-up. The replies cover 4841 ROMPs in 23 countries. Compared to 2008, the number of medical physicists in many countries has doubled. However, the number of experienced ROMPs compared to the overall workforce is still small, especially in low and middle income countries. The increase in staff is matched by a similar increase in the number of treatment units over the years. Furthermore, the number of countries using complex techniques (IMRT, IGRT) or installing high end equipment (tomotherapy, robotic linear accelerators) is increasing. Overall, ROMPs still feel generally overworked and the professional recognition, while varying widely, appears to be improving only slightly. Radiation oncology medical physics practice has not changed significantly over the last 6 years in the Asia Pacific Region even if the number of physicists and the number and complexity of treatment techniques and technologies have increased dramatically.
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Introduction
Medical physics in the Asia Pacific region has a long and proud history [1] . In 2008 and 2011 our group had conducted surveys to determine the characteristics of the medical physics workforce in AFOMP countries [2, 3] . It probed workforce numbers and typical workload, training, education and job satisfaction of medical physicists working in radiation oncology in 16 and 22 countries in the Asia/Pacific region, respectively. It was the aim of the present study to update this information 3 years after the previous survey. A few new questions on experience of staff and academic appointments were added. As in the previous surveys, an ad-hoc group of medical physicists was invited to contribute. While this introduces some bias and risks of not covering every aspect of a country's medical physics activities, the approach had been found to be reasonable successful in the previous surveys yielding very high response rates. The advantage of using the same approach as previously is that comparisons are easier and as one of the main objectives of this work was to identify trends and changes in a longitudinal fashion, thus we followed the same approach in 2014.
It is the aim of the present article to • Explore resources, status and job satisfaction of medical physicists.
While this would apply similarly to nuclear medicine and radiology, the present work focuses on radiotherapy and radiation oncology medical physicists (ROMPs).
Methods
A structured questionnaire was sent by e-mail in July 2014 to 22 medical physicists in the Asia Pacific region. In addition to the structured questions, participants were invited to provide as many comments in open form as they would like.
Results
The last questionnaire was received in February 2015. This brought the response rate to 100 % representing 23 countries and more than 4800 ROMPs. The countries for which information was provided are listed in the tables. Details of the results for the 2014 survey are given in Tables 1, 2, 3 and 4. The structure is similar to that presented in the previous publications [2, 3] . All tables also provide totals or averages for data as appropriate.
As can be seen in Table 1 , the number of ROMPs in the Asia Pacific region has nearly doubled since 2008. This figure has to be interpreted with caution as not all countries represented in 2014 have also been amongst the 16 countries in the first survey. Considering only countries represented in all surveys, the number of ROMPs increased from 2402 (2008) to 3796 (2014).
However, even if this is taken into consideration, there has been a substantial increase in the number of ROMPs that has outpaced the speed of population growth as can be seen in Fig. 1 . The number of megavoltage treatment units shown in the figure includes cobalt units, linear accelerators (linacs) and other MV unit such as helical tomotherapy, gammaknife, cyberknife and proton radiotherapy. Details on the availability of these other treatment modalities are given in Table 2 . For the summary in Fig. 1 , proton therapy units were considered as having three gantries and counted as three MV machines. Neither brachytherapy nor kV treatment units related questions were included in the survey, nor was any equipment used for treatment planning. However, it is fair to assume that also access to other equipment such as CT scanners and computerised treatment planning systems has also increased. Table 3 shows the typical work patterns of ROMPs and their professional organisations. Most respondents noted a high workload with most ROMPs being required to work overtime, often not remunerated (data not shown). This is reflected in Table 4 which shows job satisfaction and generally remarks that there is improved professional recognition compared to previous surveys but continuing low salaries and high workload. Figure 2 illustrates this well comparing the number of physicists per MV machine with the job satisfaction. Job satisfaction expressed as a composite of professional recognition, remuneration and workload as per Table 4 , has not changed much between 2008 and 2014. Furthermore, there is a clear link between less staff per treatment unit and decreased job satisfaction.
Discussion
Given the high radiation doses delivered to cancer patients and the increasing complexity of the technology being use, ROMPs must be highly trained to ensure safe and efficient practice. This is reflected in the perception in virtually all countries that a postgraduate degree in medical physics is a prerequisite for practicing as a ROMP as can be seen in Table 1 . Also, structured clinical training is considered a requirement. While the overall time for this varies, the structure is well aligned with policies of the International Organization for Medical Physics (IOMP-policy statements 1 and 2, http://www.iomp.org/?q=node/5) and the International Atomic Energy Agency (IAEA) [4, 5] . It is also interesting to note that the expectations regarding education and clinical training are in general similar to the ones documents recently for Europe and a small number of American and Australasian countries by Stefanoyiannis et al. [6] . However, the European Federation of Organisations for Medical Physics notes that the actual practice of medical physics is not yet standardised across Europe [7] , a finding which according to our surveys also applies to the Asia Pacific Region.
Many respondents stated that a certification scheme was not available in their countries. This is different from the situation in Europe where a register for medical physicists is available in the majority of countries [8] and in more than half of the countries some form of license is required for practice [6, 8] . It clearly makes initiatives such as the recently formed International Medical Physics Certification Board (IMPCB-http://www.impcb.org/) an important development.
The number of ROMPs in all countries has been increasing over the last 6 years as shown in Table 1 and Fig. 1 . However, it is interesting to note that the number of experienced physicists (more than 10 years of experience) is still relatively low with an average of less than 30 %. If one assumes that the countries that did not answer the question have none or very few experienced ROMPs, this number falls below 20 %. Table 2 shows the number of treatment units and the ratio of patients and oncologists to ROMPs. On the average there are two oncologists per ROMP and each ROMP is involved in the treatment of more than 500 patients. Also, most countries have access to advanced treatment techniques and technologies as can be seen in the table. The survey did not investigate the mix of public and private providers but it can be assumed that the private radiotherapy providers (who often feature advanced technology) are increasing.
Workload of ROMPs is still high and exceeds 40 h in many cases. Most of the time is spent on treatment planning as shown in Table 3 , but compared to previous surveys [2, 3] the number of hours spent on machine QA is increasing. This reflects the shift from cobalt units to linear accelerators and other advanced treatment machines as can be seen in Table 2 . Increased workload can also be assumed to be an aspect of more computerised treatment planning and more complex treatment techniques used. In particular, image guidance has become more widely spread over the last years and typically requires ROMPs to master additional skills and extend their activities to imaging [9] .
Professional organisations are part of the medical physics fabric in most countries. Many of the organisations are small with about half of them having 100 or less members. However, they form an important aspect of infrastructure and would help communication amongst colleagues. Also international organisations such as AFOMP and SEAFOMP are playing an increasingly active role in providing educational opportunities and policy documents [10] [11] [12] [13] [14] . It is interesting to see that links with academic institutions, such as academic appointments, are still rare with only about 1 in 10 ROMPs reported to be associated with an academic institution. While this is likely to also reflect the structure of the health systems, these numbers need to be monitored to ensure the profession can actively be engaged in provision of education, promotion of the topic and attraction of the best students into medical physics programs.
As Table 4 illustrates, there are still several deficiencies and job satisfaction has not improved significantly compared to previous surveys. This is of concern and is highlighted in Fig. 2 . Workload appears to be the dominant issue for ROMPs. 
Conclusion
Radiation oncology medical physics practice has not changed significantly over the last 6 years in the Asia Pacific Region even if the number of physicists and the number and complexity of treatment techniques and technologies have increased dramatically. The present longitudinal studies can highlight important trends and needs and it is planned to continue this work in the years to come. It is important to increase our effort now to improve the quality of the workforce and its professional recognition. e excellent, g good, a acceptable, n not acceptable 
